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HIGH DEEP SUBMICRON MOSFET 
FIELD OF THE INVENTION 

The present invention relates generally to semiconductor fabrication 
and more specifically to semiconductor MOSFET device fabrication. 
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BACKGROUND OF THE INVENTION 

As MOSFET (metal oxide semiconductor field effect transistor) gate 
length decreases, the unit power gain frequency (f MAX ) degrades due to the up- 
scaling of parasitics. 

U.S. Patent No. 5,268,330 to Givens et al. describes a process for 
improving sheet resistance of an integrated circuit device gate. 

U.S. Patent No. 5,554,544 to Hsu describes a field edge method of 
manufacturing a T-gate LDD pocket device. 

U.S. Patent No. 5,739,066 to Pan describes a semiconductor processing 
method of forming a conductive gate or gate line over a substrate. 

U.S. Patent No. 6,063,675 to Rodder describes a method of forming a 
MOSFET using a disposable gate with a sidewall dielectric. 

U.S. Patent No. 5,943,560 to Chang et al. describes a method of 
fabricating a thin film transistor using ultrahigh vacuum chemical vapor deposition 
(UHV/CVD) and chemical mechanical polishing (CMP) systems. 
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U.S. Patent No. 5,731,239 to Wong et al. describes a method of 
fabricating self-aligned silicide narrow gate electrodes for field effect transistors 
(FET) having low sheet resistance. 
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SUMMARY OF THE INVENTION 

Accordingly, it is an object of one or more embodiments of the 
present invention to provide an improved method of fabricating high f MAX deep 
submicron MOSFETs. 

Other objects will appear hereinafter. 

It has now been discovered that the above and other objects of the 
present invention may be accomplished in the following manner. Specifically, a 
substrate having a MOSFET formed thereon is provided. The MOSFET having a 
source and a drain and including a silicide portion over a gate electrode. A first ILD 
layer is formed over the substrate and the MOSFET. The first ILD layer is 
planarized to expose the silicide portion over the gate electrode. A metal gate 
portion is formed over the planarized first ILD layer and over the silicide portion 
over the gate electrode. The metal gate portion having a width substantially greater 
than the width of the silicide portion over the gate electrode. A second ILD layer is 
formed over the metal gate portion and the first ILD layer. A first metal contact is 
formed through the second ILD layer contacting the metal gate portion, and a 
second metal contact is formed through the second and first ILD layers contacting 
the drain completing the formation of the high f MAX deep submicron MOSFET. 
Whereby the width of the metal gate portion reduces R g and ir .creases the f MAX of 
the high f MAX deep submicron MOSFET. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly understood from the 
following description taken in conjunction with the accompanying drawings in 
which like reference numerals designate similar or corresponding elements, regions 
and portions and in which: 

Figs. 1 to 6 schematically illustrate, in cross-sectionai view, a preferred 
embodiment of the present invention with Fig. 6 being of reduced size. 

Fig. 7 is a plan view of a structure formed in accordance with a 
preferred embodiment and includes the structure of Fig. 6 taken along line 6-6. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Unless otherwise specified, all structures, layers, steps, methods, etc. 
may be formed or accomplished by conventional steps or methods known in the 
prior art. 

Initial Structure 

As shown in Fig. 1, substrate 10 is preferably a semiconductor 
substrate comprised of silicon and has formed thereon a low capacitance gate to 
drain (C gd ) metal oxide semiconductor field effect transistor (MOSFET) or a low C gd 
MOSFET 12. Preferably gate re-oxidation is used to form a smiling gate as at 14 to 
reduce both C gd and capacitance gate to source (C gs ) with the formula to calculate 
the unit power gain frequency (f MAX ) is: 

f MAX = f T /((R s + R g )/R ou « + 27tf T R g c gd ) 0 - 5 

Where: f MAX = unit power gain frequency (the frequency where the maximum 
power gain of the transistor degrades to unity); 

f T = cut off frequency current gain; 

R s = resistance of source; 

R g = resistance of gate; 

R out = output resistance; and 

C gd = capacitance gate to drain. 

i 
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Low C Kd MOSFET / CMOSFET 12 includes: gate oxide 16 under gate 
electrode 18; LDD source/drain implants 20 and HDD source/drain implants 22 
within substrate 10; sidewall spacers 24 adjacent the side walls of gate electrode 18; 
silicide portions 26, 28 over HDDs 22; and silicide portion 30 ovei gate electrode 18. 

By using extra gate oxidation, the thickness of the gate oxide 16 near 
the drain and source region may be increased and therefore the parasitic 
capacitance C gd (capacitance between the gate and drain) can be reduced 
significantly. In this way, the f max of the RF MOSFET/CMOSFET can be improved. 

Gate electrode 18 is preferably comprised of polysilicon. Sidewall 
spacers 24 are preferably comprised of silicon oxide. Silicide portions 26, 28; 30 are 
preferably comprised of CoSi x/ CoSi 2 , or TiSi 2 and are more preferably comprised 
of CoSi 2 . 

The LDD implant 20 depth is preferably from about 100 to 500A. The 
LDD ions are preferably P or As ions at an LDD ion concentration of preferably 
from about 1E14 to 1E15 ions/cm 2 . The HDD implant 22 depth is preferably from 
about 200 to 900A. The HDD ions are preferably P or As ions at an LDD ion 
concentration of preferably from about 5E14 to 2E15 ions/cm 2 . 

Gate electrode 18 is: preferably from about 500 to 5000A wide, is 

more preferably from about 1000 to 3500A wide and is most preferably about 

i 
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0.13}im wide; and is preferably from about 1000 to 3000A high and is more 
preferably from about 1500 to 2200A high. Gate oxide 16 is preferably from about 
15 to 21A thick and is more preferably from about 16 to 20A thick. Sidewall spacers 
24 are preferably from about 500 to 1500A wide and are more preferably from 
about 700 to 900A wide. Silicide portion 30 over gate electrode 18 is preferably from 
about 270 to 330A thick, is more preferably from about 290 to 310 A thick and is 
most preferably about 300A thick. 

TLD 1 Layer 34 Deposition 

As shown in Fig. 2, dielectric layer 32 is preferably formed over the 
structure of Fig. 1 to a thickness of preferably from about 270 to 330 A thick, more 
preferably from about 290 to 310 A and most preferably about 3C0A thick. Layer 32 
is less thick than like layers in previous such structures in which the thickness is 
about 1000A. The thinner dielectric layer 32 in the present invention makes is easier 
to remove it from over top of the gate 18/silicide portion 30 (see below). 

Dielectric layer 32 is preferably formed of Si 3 N 4 , SiON, Si0 2 or TiN and 
is more preferably comprised of Si 3 N 4 or SiON and aids in protection of the 
structure during further processing. Dielectric layer 32 will be hereafter referred to 
as Si 3 N 4 layer 32 for the sake of brevity. 

First inter-layer dielectric (ILD 1) layer 34 is then conventionally 
deposited over Si 3 N 4 layer 32 to a thickness of preferably from about 2400 to 3000A 
and more preferably from about 2000 to 2200A. ILD 1 layer 34 is preferably 

! 
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comprised of oxide, silicon oxide, USG or TEOS and is more preferably comprised 
of silicon oxide. 

ILD 1 layer 34 also aids in protection of the structure during further 

processing. 

It is noted that for the normalized etching rate (ZT): 
ZT - 1 • 

z - 1 Si02 ILD 1 layer 34 L * 

ZT Si , N , , aver32 = 0.04; and 
ZT = 0 02 

^ 1 CoSi2 silicido layer 30 U.U^. 

It is desired to keep CoSi 2 silicide layer 30 during CMP. 
Chemical-Mechanical Polish (CMP) of ILD I Layer 34 and Si JS^ Layer 32 

As shown in Fig. 3, ILD 1 layer 34 and Si 3 N 4 layer 32 are removed in a 
two step process (ILD 1 layer 34 then Si 3 N 4 layer 32) from over CoSi 2 silicide 
portion 30 over gate electrode 18, preferably by chemical-mechanical polishing 
(CMP), to form planarized ILD 1 layer 34' and partially removed Si 3 N 4 layer 32\ 
Planarized ILD 1 layer 34' is substantially flush with the top of gate electrode 18 and 
has a thickness of preferably from about 1700 to 1900A, more preferably about 
1800A. 

It is noted that for the normalized etching rate (ZT): 

ZTsi02 lLD 1 layer 34 = 1' 

ZT Si3N41aycr32 = 0.04; and 
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^ 1 CoSi2 silicide layer 30 u.u^.. 

It is desired to keep CoSi 2 silicide layer 30 during CMP. 

CoSi 2 silicide portion 30 serves as a stop layer to protect poly gate 
electrode 18 due to its high resistance to the CMP (see above), and CoSi 2 silicide 
portion 30 is left essentially exposed over poly gate electrode 18. 

An H 3 P0 4 solution may then be used to clean any remaining Si 3 N 4 
from over CoSi 2 silicide portion 30 over gate electrode 18. 

CoSi 2 silicide portion 30 over poly gate electrode 18 also serves as 
adhesion and a barrier layer between the subsequently formed metal gate 
layer /portion 38 and poly gate electrode 18 (see below). 

Metal Gate Portion 38 Formation 

As shown in Fig. 4, a barrier layer 36 is preferably formed over 
planarized ILD 1 layer 34', the exposed portions of partially removed Si 3 N 4 layer 32' 
and CoSi 2 silicide portion 30 overlying poly gate electrode 18. Barrier layer 36 is 
preferably comprised of TiN. Barrier layer 36 has a thickness of preferably of from 
about 100 to 300A and more preferably from about 150 to 200A. 

In a key step of the invention, metal gate layer 38 is then is deposited 
over barrier layer 36 and metal gate layer 38, TiN barrier layer 36 and ILD 1 layer 

i 
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34' are patterned to form the T-shaped metal gate portion/poly stack structure 40. 
The patterned may be done, for example, by forming a patterned photoresist layer 
(not shown) over unpatterned metal gate layer 38 and then etching metal gate 
layer 38, TiN barrier layer 36 and ILD 1 layer 34'. Metal gate portion 38 is wider 
than poly gate electrode 18 and CoSi 2 silicide portion 30 overlying poly gate 
electrode 18. 

Metal gate layer/portion 38 is preferably comprised of tungsten (W), 
aluminum (Al), copper (Cu), titanium nitride (TiN) or gold (Au) and is more 
preferably comprised of W. 

Metal gate layer/portion 38 has a thickness of preferably from about 
1800 to 2200 A, more preferably from about 1900 to 2100A and most preferably 
about 2000A. 

In a key feature of the present invention, patterned metal gate 
portion 38 has a width appreciably greater that the width of CoSi 2 silicide portion .30 
capping poly gate electrode 18. The width of W metal gate portion 38 is preferably 
from about 500 to 8000A, more preferably from about 1000 to 3000A and most 
preferably from about 1800 to 2400A. 

This wider VV metal gate portion 38 results in a much lower R g 
(resistance of gate) to increase f MAX (unit power gain frequency) [recalling the 
formula f MAX = f T /((R s + R g )/R out + 27tf T R g C gd ) 0 ' 5 ]. Further, the wider W metal gate 

! 
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portion 38 will not create an alignment problem between the metal to poly layers, 
i.e. the subsequently formed contact 50 (see below) to W metal gate portion 38 will 
more easily align to W metal gate portion 38 due to its increased width. 

Schottky Contact 42 

It is noted that the polysilicon gate electrode 18 contact 42 to CoSi 2 
silicide portion 30 and W metal gate portion 38 is a Schottky contact and does not 
pose a serious leakage problem. 

ILD 2 Layer 44 Deposition 

As shown in Fig. 5, second inter-layer dielectric (ILD 2) layer 44 is then 
deposited over the structure, covering T-shaped metal gate portion /poly stack 
structure 40, to a thickness of preferably from about 1000 to 5000A, more 
preferably from about 2000 to 4000A and most preferably from about 2500 to 
3500A. ILD 2 layer 44 is preferably comprised of oxide, silicon oxide, HDP or FSG 
and is more preferably comprised of silicon oxide. 

Due to the very thick dielectrics, i.e. ILD 1 layer 34 and ILD 2 layer 44, 
the increase in Cgd (capacitance gate to drain) is negligible and does not 
appreciably increase f MAX [again recalling the formula f MAX = f T /((R s + R g )/R ollt + 
2TCf T R g C gd H. 
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Formation of Metal Contacts 50, 52 

As shown in Fig. 6, ILD 2 layer 44 is planarized to form planarized ILD 
2 layer 44'. Planarized ILD 2 layer 44' is patterned to form: first contact trench 46 
through planarized ILD 2 layer 44' exposing a portion of W metal gate portion 38; 
and second contact trench 48 through planarized ILD 2 layer 44', planarized ILD 1 
layer 34" and partially removed Si 3 N 4 layer 32' exposing a portion of silicide portion 
28 over drain 54. 

First contact trench 46 is preferably from about 1500 to 3000A wide; is 
more preferably from about 1600 to 2800 A wide and is most preferably from about 
1700 to 2000A wide. Second contact trench 48 is preferably from about 1500 to 
3000A wide; is more preferably from about 1000 to 2500A wide and is most 
preferably from about 1600 to 2000A wide. 

A metal layer is then deposited over the structure, filling first and 
second contact openings 46, 48. The metal layer is planarized to remove the excess 
metal from over the patterned ILD 2 layer 44' forming first metal contact 50 within 
first contact trench 46 contacting W metal gate portion 38 and second metal contact 
52 within second contact trench 48 contacting silicide portion 28 over drain 54 to 
complete the high f MAX deep submicron MOSFET device 60 of the present invention. 

First and second metal contacts 50, 52 are preferably comprised of 
tungsten (W) or Cu and are more preferably comprised of W. 
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Fig. 7 is a plan view of a structure formed in accordance with a 
preferred embodiment and includes the structure of Fig. 6 taken along line 6-6, i.e. 
Fig. 6 is a cross-sectional view of Fig. 7 taken along line 6 - 6. A 0.16 X 0.16 pm 
contact will give a contact resistance (Rc) of greater than about 17 Ohm. A wider W 
metal stack gate (W metal gate portion 38/TiN metal barrier layer 36' et al.) 
provides enough room to open first contact trench 46 on top of W metal gate 
portion 38, i.e. alignment problems are essentially eliminated. This can significantly 
reduce Rc while increasing f T and f MAX [once again recalling the formula f MAX = 
f x /((R s + R g )/R out + 27tf T R s C gd n. 

Advantages of the Present Invention 

The advantages of one or more embodiments of the present 
invention include: 

1. reduced gate noise of the RF MOSFET; 

2. reduced gate resistance (R g ), resulting in a high maximum oscillation 
frequency; 

3. a designer may select a longer unit electrode length than in the 
conventional method where the designer was forced to use a very short electrode 
length to reduce the gate resistance; 

4. by using extra gate oxidation, the thickness of the gate oxide near the 
source and drain region can be increased so that the parasitic capacitance (C d ) (the 
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capacitance between the gate and drain) can be significantly reduced in which case 
the f max of the RF M OSFET / CMOSFET can be improved. 

While particular embodiments of the present invention have been 
illustrated and described, it is not intended to limit the invention, except as defined 
by the following claims. 



(' 



15 



